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(57) ABSTRACT 

Amethod of and an apparatus for determining tire shapes are 
provided Which enable both an apparatus Weight reduction 
and a determination accuracy improvement. The apparatus 
of the present invention includes: a portable base member; 
a non-contact displacement gage held on the base member 
so as to be freely movable along a predetermined scanning 
direction; a Weight supported on the base member so as to 
be movable along the scanning direction; and means for 
symmetrically driving the displacement gage and Weight 
While synchronizing them With each other. Using this appa 
ratus, the method includes: setting the base member in 
proximity to a tire tread portion so that the displacement 
gage Will scan the tread portion; alloWing the displacement 
gage and Weight to symmetrically move along the scanning 
direction While synchronizing them With each other; and 
determining the shape of the tread portion, based on an 
output from the displacement gage. 
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METHOD OF AND APPARATUS FOR 
DETERMINING TIRE SHAPES 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method of and an 
apparatus for determining tire shapes by using a non-contact 
displacement gage. More speci?cally, the present invention 
relates to a method of and an apparatus for determining tire 
shapes, Which enable both a reduction in the Weight of the 
apparatus and an improvement in determination accuracy. 

[0002] Hitherto, the shapes and groove depths of the tread 
portion of a pneumatic tire have been determined by using 
a non-contact displacement gage, and the determination 
values have been used as data for analyZing tread Wear 
characteristics of the tire or the like. As an apparatus for 
determining tire shapes as described above, a portable 
compact determination apparatus has been proposed in 
Which a displacement gage (probe) scans a tire tread portion 
(for example, see Japanese Unexamined Patent Publication 
No. H5-256738). 

[0003] HoWever, in the portable determination apparatus 
reduced in Weight, the Weight of the displacement gage is 
relatively large. Therefore, When the displacement gage 
scans a tire tread portion, the position of the center of gravity 
of the Whole determination apparatus shifts, resulting in a tilt 
of the determination apparatus and a change in the distance 
betWeen the tread surface and the displacement gage. 
Accordingly, a problem arises that the determination accu 
racy is loWered. For this reason, the Whole determination 
apparatus needs to be made heavy While resultantly sacri 
?cing the lightness, or alternatively, a support needs to be 
provided to ?x the determination apparatus. As a result, 
determination Work requires large amounts of effort and 
time. 

SUMMARY OF THE INVENTION 

[0004] An object of the present invention is to provide a 
method of and an apparatus for determining tire shapes, 
Which make it possible both to reduce the Weight of the 
apparatus and to improve determination accuracy When tire 
shapes are determined by using a non-contact displacement 
gage. 

[0005] A method of determining tire shapes of the present 
invention to achieve the above object is a method of deter 
mining tire shapes, by using a determination apparatus 
including: a portable base member; a non-contact displace 
ment gage held on the base member so that the displacement 
gage can freely move along a predetermined scanning 
direction; a Weight supported on the base member so that the 
Weight can move along the scanning direction; and means 
for symmetrically driving the displacement gage and the 
Weight While synchroniZing the displacement gage and the 
Weight With each other. The method includes the steps of: 
setting the base member in proximity to a tread portion of a 
tire so that the displacement gage Will scan the tread portion; 
alloWing the displacement gage and the Weight to symmetri 
cally move along the scanning direction While synchroniZing 
the displacement gage and the Weight With each other; and 
determining a shape of the tread portion, based on an output 
from the displacement gage. 

[0006] By alloWing the displacement gage and the Weight 
to move symmetrically along the scanning direction and 
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synchronously With each other, it is possible to prevent the 
position of the center of gravity of the determination appa 
ratus from shifting When the displacement gage is scanning, 
and thus to enhance the determination accuracy. Accord 
ingly, When tire shapes are determined by using the non 
contact displacement gage, it is possible to achieve both a 
reduction in the Weight of the determination apparatus and 
an improvement in the determination accuracy. Of course, 
another displacement gage can be used as the Weight. 

[0007] Moreover, another method of determining tire 
shapes of the present invention to achieve the aforemen 
tioned object is a method of determining tire shapes, by 
using a determination apparatus including: a portable base 
member; a pair of non-contact displacement gages held on 
the base member so that each of the displacement gages can 
freely move along a predetermined scanning direction; and 
means for symmetrically driving the pair of displacement 
gages While synchroniZing the pair of displacement gages 
With each other. The method includes the steps of: setting the 
base member in proximity to a tread portion of a tire so that 
the pair of displacement gages Will scan the tread portion; 
alloWing the pair of displacement gages to symmetrically 
move along the scanning direction While synchroniZing the 
pair of displacement gages With each other; and determining 
a shape of the tread portion, based on outputs from the pair 
of displacement gages. 

[0008] By alloWing the pair of displacement gages to 
move symmetrically along the scanning direction and syn 
chronously With each other as described above, it is possible 
to prevent the position of the center of gravity of the 
determination apparatus from shifting When the displace 
ment gage is scanning, and thus to enhance the determina 
tion accuracy. Accordingly, When tire shapes are determined 
by using the non-contact displacement gages, it is possible 
to achieve both a reduction in the Weight of the determina 
tion apparatus and an improvement in the determination 
accuracy. 

[0009] On the other hand, an apparatus for determining 
tire shapes of the present invention includes: a portable base 
member; a non-contact displacement gage held on the base 
member so that the displacement gage can freely move 
along a predetermined scanning direction; a Weight sup 
ported on the base member so that the Weight can move 
along the scanning direction; and driving means for sym 
metrically driving the displacement gage and the Weight 
While synchroniZing the displacement gage and the Weight 
With each other. 

[0010] Here, for the non-contact displacement gage, it is 
preferable to employ an optical displacement gage including 
a laser light source and a sensor for receiving laser light 
re?ected from a tire surface. It is preferable that the driving 
means include a pair of ball screWs respectively guiding the 
displacement gage and the Weight along the scanning direc 
tion, and a pair of servomotors for respectively rotating the 
pair of ball screWs. The driving means may be con?gured, 
including a pair of guide members respectively guiding the 
displacement gage and the Weight along the scanning direc 
tion, and a pair of reciprocating drives for respectively 
alloWing the displacement gage and the Weight to move 
along the scanning direction. 

[0011] Furthermore, another apparatus for determining 
tire shapes of the present invention includes: a portable base 
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member; a pair of non-contact displacement gages held on 
the base member so that each of the displacement gages can 
freely move along a predetermined scanning direction; and 
driving means for symmetrically driving the pair of dis 
placement gages While synchroniZing the pair of displace 
ment gages With each other. 

[0012] Here, for each of the non-contact displacement 
gages, it is preferable to employ an optical displacement 
gage including a laser light source and a sensor for receiving 
laser light re?ected from a tire surface. It is preferable that 
the driving means include a single ball screW guiding the 
pair of displacement gages along the scanning direction in 
opposite directions to each other, and a single servomotor for 
rotating the ball screW. The driving means may be con?g 
ured, including a guide member guiding the pair of displace 
ment gages in the scanning direction, and a pair of recipro 
cating drives for alloWing the pair of displacement gages to 
move along the scanning direction, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic perspective vieW shoWing an 
apparatus for determining tire shapes according to a ?rst 
embodiment of the present invention. 

[0014] FIG. 2 is a schematic perspective vieW shoWing an 
apparatus for determining tire shapes according to a second 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0015] Hereinafter, a con?guration of the present inven 
tion Will be described in detail With reference to the accom 
panying draWings. 

[0016] FIG. 1 shoWs an apparatus for determining tire 
shapes according to a ?rst embodiment of the present 
invention. In FIG. 1, the numeral 1 denotes a tire to be 
measured, and 2 denotes the portable determination appa 
ratus disposed in proximity to a tread portion 3 of the tire 1. 

[0017] This determination apparatus 2 has a structure in 
Which tWo ball screWs 5a and 5b are rotatably arranged in 
parallel With each other in a base member 4 shaped like a 
boX. The ball screW 5a holds an optical displacement gage 
6, including a laser light source and a sensor for receiving 
laser light re?ected from a tire surface, so that the optical 
displacement gage 6 can freely move along a predetermined 
scanning direction. MeanWhile, the ball screW 5b holds a 
Weight 7, having substantially the same mass as the optical 
displacement gage 6, so that the Weight 7 can freely move 
along the same scanning direction as that of the optical 
displacement gage 6. These ball screWs 5a and 5b are 
con?gured to rotate each in an arbitrary direction, With 
servomotors M1 and M2, controlled by a control unit, as 
their poWer sources, respectively. 

[0018] Accordingly, by suitably controlling the servomo 
tors M1 and M2, it is possible to alloW the optical displace 
ment gage 6 and the Weight 7 to move symmetrically and 
synchronously With each other. That is, the optical displace 
ment gage 6 and the Weight 7 are con?gured to move along 
the ball screWs 5a and 5b, respectively, in opposite direc 
tions to each other so that the optical displacement gage 6 
and the Weight 7 approach or separate each other. 
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[0019] The optical displacement gage 6 projects laser light 
from the laser light source onto the tire surface, and receives 
the laser light re?ected from the tire surface. Accordingly, it 
is possible to calculate the distance from the optical dis 
placement gage 6 to the tread portion 3 of the tire 1, based 
on the re?ection time of the laser light. 

[0020] When the tire shapes are determined by using the 
above-described determination apparatus 2, ?rst, the base 
member 4 of the determination apparatus 2 is set in proX 
imity to the tread portion 3 of the tire 1 so that the optical 
displacement gage 6 Will scan the tread portion 3. The 
optical displacement gage 6 and the Weight 7 are alloWed to 
symmetrically move along a scanning direction While being 
synchroniZed With each other. For eXample, the optical 
displacement gage 6 is alloWed to move from one shoulder 
position to the other shoulder position, While the Weight 7 is 
alloWed to move from the other shoulder position to the one 
shoulder position. Thus, it is possible to determine the 
shapes and groove depths of the tread portion 3, based on an 
output from the optical displacement gage 6. 

[0021] When the optical displacement gage 6 of the deter 
mination apparatus 2 is scanning, the optical displacement 
gage 6 and the Weight 7 are moving While maintaining a 
balance. Therefore, the determination apparatus 2 does not 
tilt during determination Work, alloWing its center of gravity 
to be alWays stable. Accordingly, it is possible to perform 
high-accuracy measurement. Consequently, When tire 
shapes are determined by using the optical displacement 
gage 6, it is possible to achieve both a reduction in the 
Weight of the determination apparatus and an improvement 
in determination accuracy. 

[0022] Note that the means for driving the optical dis 
placement gage 6 and the Weight 7 are not limited to the ball 
screWs and the servomotors as described above. For 
eXample, the optical displacement gage 6 and the Weight 7 
may be slidably engaged With guide members, each made of 
a mere slide rail, and may be alloWed to move along a 
scanning direction With reciprocating drives. EXamples of 
the reciprocating drives include a hydraulic cylinder and the 
like. 

[0023] FIG. 2 shoWs another apparatus for determining 
tire shapes according to a second embodiment of the present 
invention. In FIG. 2, a determination apparatus 2 has a 
structure in Which one ball screW 5c is rotatably arranged in 
a base member 4 shaped like a boX. The ball screW 5c holds 
a pair of optical displacement gages 6a and 6b so that they 
can move along a predetermined scanning direction. The 
optical displacement gages 6a and 6b have substantially the 
same masses and each include a laser light source and a 
sensor for receiving laser light re?ected from a tire surface. 
More speci?cally, screW parts 5x and 5y With different thread 
directions from each other are formed in the ball screW 5c, 
bordering a central portion of the ball screW 5c in its 
longitudinal direction. The optical displacement gage 6a is 
held Within a screW part 5x area, While the optical displace 
ment gage 6b is held Within a screW part 5y area. The ball 
screW 5c is con?gured to rotate in an arbitrary direction, 
With a servomotor M3, controlled by a control unit, as its 
poWer source. 

[0024] Accordingly, by suitably controlling the servomo 
tor M3, it is possible to alloW the pair of optical displace 
ment gages 6a and 6b to move symmetrically and synchro 
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nously With each other. That is, the optical displacement 
gages 6a and 6b are con?gured to move along the ball screW 
5c in opposite directions to each other so that the optical 
displacement gages 6a and 6b approach or separate each 
other. 

[0025] Each of the optical displacement gages 6a and 6b 
projects laser light from the laser light source onto the tire 
surface, and receives the laser light re?ected from the tire 
surface. Accordingly, it is possible to calculate the distance 
from the optical displacement gage 6a or 6b to the tread 
portion 3 of the tire 1, based on the re?ection time of the 
laser light. 

[0026] When the tire shapes are determined by using the 
above-described determination apparatus 2, ?rst, the base 
member 4 of the determination apparatus 2 is set in proX 
imity to the tread portion 3 of the tire I so that the optical 
displacement gages 6a and 6b Will scan the tread portion 3. 
The optical displacement gages 6a and 6b are then alloWed 
to symmetrically move along a scanning direction While 
being synchroniZed With each other. For eXample, the optical 
displacement gage 6a is alloWed to move from one shoulder 
position to a tread center position, While the optical dis 
placement gage 6b is alloWed to move from the other 
shoulder position to the tread center position. Thus, it is 
possible to determine the shapes and groove depths of the 
tread portion 3, based on outputs from the optical displace 
ment gages 6a and 6b. 

[0027] When the optical displacement gages 6a and 6b of 
the determination apparatus 2 are scanning, the optical 
displacement gages 6a and 6b are moving While maintaining 
a balance. Therefore, the apparatus 2 does not tilt during 
determination Work, alloWing its center of gravity to be 
alWays stable. Accordingly, it is possible to perform high 
accuracy measurement. Consequently, When tire shapes are 
determined by using the optical displacement gages 6a and 
6b, it is possible to achieve both a reduction in the Weight of 
the determination apparatus and an improvement in deter 
mination accuracy. 

[0028] The above-described second embodiment is advan 
tageous in terms of Weight reduction because the optical 
displacement gages 6a and 6b are driven by the single ball 
screW 5c and the single servomotor M3. HoWever, a deter 
mination is difficult to make at a central portion of the ball 
screW 5c because the optical displacement gages 6a and 6b 
interfere With each other. Nevertheless, such a disadvantage 
can be easily solved by displacing the determination appa 
ratus 2 in a tire-Width direction. Of course, the optical 
displacement gages 6a and 6b may be held by tWo ball 
screWs. 

[0029] Note that the means for driving the optical dis 
placement gages 6a and 6b are not limited to the ball screW 
and the servomotor as described above. For eXample, the 
optical displacement gages 6a and 6b may be slidably 
engaged With a guide member made of a mere slide rail, and 
may be alloWed to move along a scanning direction With 
reciprocating drives. The reciprocating drives include a 
hydraulic cylinder and the like. 

[0030] According to the present invention, the determina 
tion apparatus does not tilt When scanning the optical 
displacement gage. Therefore, the center of gravity of the 
determination apparatus is alWays stable, and high-accuracy 
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measurement can be performed. Accordingly, When tire 
shapes are determined by using a non-contact displacement 
gage, it is possible both to reduce the Weight of the deter 
mination apparatus and to improve determination accuracy. 
In addition, the determination apparatus of the present 
invention is portable, and furthermore, it is not necessary to 
?X the apparatus itself on a support. Therefore, it is possible 
to efficiently carry out the Work for determination of tire 
shapes. 

[0031] Hereinbefore, the preferred embodiments of the 
present invention have been described in detail. HoWever, it 
should be understood that various changes, substitutions and 
replacements may be made in the above-described embodi 
ments Without departing from the spirit and scope of the 
present invention as de?ned by the appended claims. 

What is claimed is: 
1. A method of determining tire shapes, by using a 

determination apparatus including: a portable base member; 
a non-contact displacement gage held on the base member 
so that the displacement gage can freely move along a 
predetermined scanning direction; a Weight supported on the 
base member so that the Weight can move along the scanning 
direction; and means for symmetrically driving the displace 
ment gage and the Weight While synchroniZing the displace 
ment gage and the Weight With each other, the method 
comprising the steps of: 

setting the base member in proXimity to a tread portion of 
a tire so that the displacement gage Will scan the tread 
portion; 

alloWing the displacement gage and the Weight to sym 
metrically move along the scanning direction While 
synchroniZing the displacement gage and the Weight 
With each other; and 

determining a shape of the tread portion, based on an 
output from the displacement gage. 

2. The method of determining tire shapes according to 
claim 1, Wherein the non-contact displacement gage is an 
optical displacement gage including a laser light source and 
a sensor for receiving laser light re?ected from a surface of 
the tire. 

3. A method of determining tire shapes, by using a 
determination apparatus including: a portable base member; 
a pair of non-contact displacement gages held on the base 
member so that each of the displacement gages can freely 
move along a predetermined scanning direction; and means 
for symmetrically driving the pair of displacement gages 
While synchroniZing the pair of displacement gages With 
each other, the method comprising the steps of: 

setting the base member in proXimity to a tread portion of 
a tire so that the pair of displacement gages Will scan 
the tread portion; 

alloWing the pair of displacement gages to symmetrically 
move along the scanning direction While synchroniZing 
the pair of displacement gages With each other; and 

determining a shape of the tread portion, based on outputs 
from the pair of displacement gages. 

4. The method of determining tire shapes according to 
claim 3, Wherein each of the non-contact displacement gages 
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is an optical displacement gage including a laser light source 
and a sensor for receiving laser light re?ected from a surface 
of the tire. 

5. An apparatus for determining tire shapes, comprising: 

a portable base member; 

a non-contact displacement gage held on the base member 
so that the displacement gage can freely move along a 
predetermined scanning direction; 

a Weight supported on the base member so that the Weight 
can move along the scanning direction; and 

driving means for symmetrically driving the displacement 
gage and the Weight While synchroniZing the displace 
ment gage and the Weight With each other. 

6. The apparatus for determining tire shapes according to 
claim 5, Wherein the non-contact displacement gage is an 
optical displacement gage including a laser light source and 
a sensor for receiving laser light re?ected from a tire surface. 

7. The apparatus for determining tire shapes according to 
claim 5, Wherein the driving means includes: a pair of ball 
screWs respectively guiding the displacement gage and the 
Weight along the scanning direction; and a pair of servomo 
tors for respectively rotating the pair of ball screWs. 

8. The apparatus for determining tire shapes according to 
claim 5, Wherein the driving means includes: a pair of guide 
members respectively guiding the displacement gage and the 
Weight along the scanning direction; and a pair of recipro 
cating drives for respectively alloWing the displacement 
gage and the Weight to move along the scanning direction. 
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9. An apparatus for determining tire shapes, comprising: 

a portable base member; 

a pair of non-contact displacement gages held on the base 
member so that each of the displacement gages can 
freely move along a predetermined scanning direction; 
and 

driving means for symmetrically driving the pair of 
displacement gages While synchroniZing the pair of 
displacement gages With each other. 

10. The apparatus for determining tire shapes according to 
claim 9, Wherein each of the non-contact displacement gages 
is an optical displacement gage including a laser light source 
and a sensor for receiving laser light re?ected from a tire 
surface. 

11. The apparatus for determining tire shapes according to 
claim 9, Wherein the driving means includes: a single ball 
screW guiding the pair of displacement gages along the 
scanning direction in opposite directions to each other; and 
a single servomotor for rotating the ball screW. 

12. The apparatus for determining tire shapes according to 
claim 9, Wherein the driving means includes: a guide mem 
ber guiding the pair of displacement gages along the scan 
ning direction; and a pair of reciprocating drives for respec 
tively alloWing the pair of displacement gages to move along 
the scanning direction. 


